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Abstract 
We studied the magnetization characteristics of the arrayed and stacked bulk superconductors. The bulks were made of 
GdBaCuO superconductor. Two-dimensional magnetic flux density distributions over bulks were measured after 2.0 T 
magnetic fields cooling at 77 K. The current densities in the bulks were estimated 108 A/m2 order at 77 K and the field 
cooling conditions. The experimental results showed the proposed structure can obtain larger trapped flux area than that 
of a single bulk. 
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1. Introduction 
Bulk superconductors have a good performance as a higher magnetic field source compared with 
permanent magnets. The bulk superconductors can trap 17 T at 29 K [1]. They are expected to be used for 
various industrial applications such as motors and magnetic separation [2]-[3]. A higher magnetic field in a 
larger area can be obtained with multiple and stacked bulks. However, magnetic fields decrease around the 
mechanical boundaries between bulks. It is a challenging problem to obtain higher magnetic field in larger 
area with effective arrangements of the multiple bulks. In the present study, we have studied the 
magnetization characteristics of multiple bulk superconductors. Two-dimensional (2D) magnetic flux 
density distributions over bulks were measured after 2.0 T magnetic fields cooling at 77 K. Finite element 
method (FEM) analysis was also performed to estimate the current density in the bulks with the uniform 
current density models. 
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2. Experiments  
2.1. Multiple Arrangements of Bulk Superconductors 
Fig. 1 shows a single bulk superconductor plate of 80×80×15 mm3 (Fig. 1 (a)) and 22 bulk superconductor 
arrangements in 3 layers of the magnetizing structure. These bulks are made of GdBaCuO superconductors 
using the modified quench and melt growth (QMG®) method by Nippon Steel Corporation [4]. Fig. 1(b) 
represents the four bulk plates of 40×40×5 mm3 are arrayed to form a squared structure of 80×80×5 mm3. 
The highest trapped magnetic flux density was 0.87 T at 1.7 mm above the unit bulk (40×40×5 mm3) at 77 K 
with the field cooling. Then, the current density was estimated as 1.92×108 A/m2 by FEM analysis of the 
uniform current density model. With this layer alone, the trapped magnetic flux leaks through the 
mechanical junction lines. To prevent the flux leakage, we have suggested the stacking structure like Fig. 2 
using Fig. 1(c) and (d). These arrangements permit to cover the intersections and the flux leakage of the 
mechanical junction lines of the upper layers. 
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Fig. 1.  Bulk superconductor plates; (a) 80×80×15 mm3 single bulk; (b) 1st layer; (c) 2nd layer; (d) 3rd layer 
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Fig. 2. Stacked structure for bulk superconductor plates (a) Top view; (b) Side view 
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Fig. 3. (a) Experimental setups; (b) Air gap between Hall sensor and bulks 
2.2. Experimental Set up 
Fig. 3 shows the experimental setups. The magnetization characteristics are measured at 77 K with liquid 
nitrogen (N2-lq). Firstly, the bulks are put into the center of the superconducting magnet. Then, the 
superconducting magnet is excited toward 2T. After cooling the bulks, reducing magnetic field and 2D scan 
for magnetic flux density, B, distribution above the bulks with the Hall sensor (F. W. Bell, BHA-921) is 
performed. The air gap between the active area of the Hall sensor and the surface of bulks was 1.7, 2.0, and 
2.5 mm respectively. The measured signals are amplified and sent to the PC. 
Results and Discussion 
Fig. 4 shows the B distributions of an 80×80×15 mm3 bulk superconductor.  Fig. 4 (a) and (b) represent the 
3D distribution of B and the line distributions at the center of the bulk along x axis respectively. The highest 
trapped magnetic flux density was 1.53 T at 1.7 mm above the bulk. Then the current density in the bulk was 
estimated as 7.5×108 A/m2 with FEM analysis of the uniform current density model. Even 2.5 mm above the 
bulk, the maximal magnetic flux density is over 1.2 T and the average magnetic flux, Φave, was 0.0018 Wb. 
Fig.5 shows B distributions of the stacked structure of the 22 bulk superconductor plates.  Fig. 5 (a) 
represents the 3D distribution of B. The trapped B was inhomogeneous. This is because the qualities of bulks 
are different. Fig.5 (b) refers that the strength of B is no difference between 1.7 mm and 2.0 mm above the 
bulks. Then, Φave above 2.5 mm of the bulks was 0.0012 Wb. Table 1 represents the ratio between the 
trapped flux area and the overall area of two kinds of bulks. This results show that the trapped B strength 
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Fig. 4.Magnetic flux distributions of single bulk superconductors; (a) 3D distributions; (b) y = 0 mm, along x axis. 
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Fig. 5.Magnetic flux distributions of stacked bulk superconductors; (a) 3D distributions; (b) y = -20 mm, along x axis  
 
Table 1. The comparison of the trapped flux area of the two bulk superconductors  
Scanning height (mm) 1.7 2.0 2.5 
Bulk single stacked single stacked single stacked 
Bave (T) 0.329 0.221 0.318 0.213 0.289 0.19 
Area of B ≥ Bave (mm2)  
(Ratio) 
2763 
(43.2 %) 
3006 
(47 %) 
2769 
(43.3 %) 
3054 
(47.7 %) 
2771 
(43.3 %) 
3053 
(47.7 %) 
 
over average magnetic flux density, Bave, of the single bulk is higher than that of stacked bulks in each 
scanning height. On the other hand, the trapped flux area over Bave of the stacked bulks is almost 4 % larger 
than that of single one. There is a trade-off between the strength and the area of the trapped magnetic field.  
3. Summary 
This paper showed the magnetization characteristics of the stacked and arrayed bulk superconductors. The 
magnetization experiments and the current density estimation with FEM were performed. The current 
density in the bulks was calculated as 108 A/m2 order at 77 K of the field cooling conditions. The 
experimental results showed that the trapped flux area of the proposed arrangement structure was almost 
4 % larger than that of the single bulk superconductor. Further experiments such as changing temperature 
or arrangements are required. 
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